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(54) LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam 
machining method capable of cutting a machining object, 
without developing a crack, deviating from a 
predetermined line for welding or cutting on the surface 
of the machining object, and accurately. 
SOLUTION: Inside the machining object 1, a reforming 
area is formed by radiating a pulse laser beam L onto 
the predetermined line 5 for cutting, under the condition 
of causing multiple photon absorbtion, and making a 
condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 
along the predetermined line 5 for cutting making the 
reforming area the starting point, the machining object 1 
can be cut with a comparatively small force. Since in the 
irradiation of the laser beam L, the pulse laser beam L is 
hardly absorbed on the surface 3 of the machining 
object 1, the surface 3 is not melted, caused by the 
formation of the reforming area. By adjusting the 
repetitive frequency of the pulse laser beam L or 
relative moving velocity of the condensing point P of the pulse laser beam 
reforming spot is controlled. 
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(54) irnxozm i>— *mxmw 

(57) OSft] • 

***** l OrtWfc&toSPfc^b-eT* ^/Ub-f^L 
fc^o, lt«W/J^**^*PXW*ftl*fflK-rsc:fc 

0, Ej(lX^7 h0^y^£$iJ@PLT^& 0 




(2) 



WIM 2 0 0 2 - 1 9 2 3 6 8 



nmm i ] 'wxmw i fisWTo/wxu-ifw 

AGE U-imaSfr 6 ffit*£ ftfc^rt/X ifjtt<0**fijfll 
<0\t—5^V— ffigtfl x l o 8 (W/cm 2 ) _kl±fc:;&:5«fc 

«ffneftKQ3^Mb^MW-r« c tic * 0 s mertflft: 1 

b-lf »*imiB4PX^1ftK:fiM«-* c ktcj; D> MfB 20 
>y bfm&Ztis 

€rBx.S* U— *fiPX«Bo 

otf-^/^y— x 1 o 8 (w/cm 2 ) mitc&^cfc 
**px«ft*ort«tc&t>^s^ai:, 

^4ra^., 40 
BufBrtgPfc^^^'&tD-^T 1 /^l/XO/^;l/Xl/-« 
«rWI24PXS*ft*Srfc:Bi«"r S £ t E £ 0 , HuErtSBfc: 1 

U-lf ^*W8B*PX»*«tc:BH«-r S c 4: <fc D . ffiJE 
>y h^JB««ti. 

RX*y hHOE**»*«E*»W#a*:. 50 



u-ifipx«Bo 

»*n« / ^l/X U-lf ft<0« D ig LJH ?SSKO;*;£ $ £rHJfl 

MIB U-lf £ fcb WSttfc/ WX U-lWfcOHtffoa 
oe-^/^-ai*M x 1 o 8 (W/cm 2 ) W±teS:SJ; 

5^^;i/xi^--^^^'r^m7 , 6¥ak, 
wiB*«#»*c «fc o s n/c/ ^vx i<-*fy£<Dm-y£& 
*4px*r*«ort«(c-&t)-ia:s#a k . 
■wia*px»ft»o«K^3e9^yK:»or/^i/xu— if 

iiS© A f? $ o Aft tc g-^T ttE»Hr¥Afc * 

x u-if ^o*^offl**w»»aso*sr s «■» -r 

MErt«te*ft£*£*Hrt 1 /<;I/XO;^U-1f« 
£80EtaX»**fc!fB»« c ktci; D > SOErttfte V 

t&ErtW(c»^^^^oME^»f^^^^(c» 

u-if ^*«9E*px»*%i»cfiB»^ * c k k j; d , mm 

«^ffi^^>tc»oTWErt»te*»OWE»JlX* 

^y 

t^r» 0 tuia&Hxtf >y h norai«riR]rr &mm 
*m^&, is— wpxttBo 

HB*ia 4 ] WE U - IfSPXttB tc i: t) JBfiS ^ n S hu 
I B^KX # >y b OTfffi* WEB Lt^ *Tl-»EB¥« 

METj-j56E«*SlcE«anfcTJ-ffifcMEIBB«lllt¥H 

>*ci»orjB«*n*a»owEaKx#y h©s»^ 

WIB®f^^a{cJ;D^anfc]lf^S^§iii^ 
^r«n^^, 8l§Strpi 1 ~ 3 eOV^n*^cE«<0 U-1f*PX 

*m#-rsi'-if*«k, 

mEu-^«A^&a»snfc/^i/xu-ifjto»«j« 

cot!— ^/W- ffiffiAM x 1 o 8 (W/cm 2 ) U±^*5«J: 



(3) 



mm 2 0 0 2 - 1 9 2 3 6 8 



mmfamcmyt&*^,t>&r i /^x^;i/xu--*m 

fijfBrtgiUc3lft/&^ 10 
>y htfBJ&-ZfL, 

2 tc & tc 46 tc , tijiB is—*fytmfr z &m £ n & ^/i/x 

ffi^^n^^;Vxu-^o^DML^^cD7^^^^ 

m 5 mm<o ^unmrn. 

mm u— *f7^fr e nfc^ ^i/x u-if yt<omyt& 

(D^ — V^V—m&tfil X 1 0 8 (W/cm 2 ) J^tC&r&J: 30 

tuaBl^l^^^7 , 6^^t)-ti-T l ^;bXcD^;l/XU-^ 
^NuHBiPX^^Jcra^^c^tc^D. tuHBl^n^c 1 40 
OcD&Mx^y h^ff^^ti, 
fufBft£IUclll7fr£^ 

o rmyt&tkwm mc&m z -er . ^x ©/ *^x 

RD£>3ttE3tflX#-j> hWOUBBt^^^ coxites 



mm#)&mmm<D±t 2 ^ & £ 5 *ctoes»»#s*c 

fcaBBISTS, b— tfftlXttBo 

IPf^Hi 7 EIK<0 b-1f *0l8Io 

AQE b— tf%K/p £ ?tiS^;l/X b— »f 7te<0*» D Jg 
bJBJSaRO** 5 *■«!* ^> M tt»«BBS¥S . 
(JEU-1f3ttK^6Hll#*nfc^^l/XU-1f3ttoa^ 
Olf— ^/<«7— iBfttf 1 x 1 o 8 (w/cm 2 ) W±JC3a:SJ: 

B^^IB^JPX^^^^^^^>'tc^oT^;^xu-•tf , 

MErtWJc*^*^*)^ 1 /VUX<D^;VXU— »f« 
«r«JE*PX«it1*lfc8R«'r * C ^tCcfcO. HijfBl*)SiUc 1 

(KfErtW«c»«jS*^*>^*oME«jrr^^^V»cj9 

lf*fi«:WEliPX»*«i(cBawr * c i: ^ J: 0 . huIB 
mWi^&^-C Vfcj&o TlBJErtJBJtclfiftOlWlfEajtXsB 

«0-&5*JE*JtX*y hP B 1©8E»<0^:#$OA^fcS 
■^^ T . Pi 0 ^ -5 nJEttKX # ^ H f E fjcDSg^l^ c <D± % 

-zict&rctbic, tutBu-^^^ba^M^n^/^ux 
u— yytvm 0 is u jasiao a * * meshbi^s^ ^ 

MEWtt»«Hi¥Stt. ME«*ft*nar»»¥H*c J: 0 

mM^tirzmmkoizt zt&z^o jctdEu-ifyfiw 
^^mgnb, 

ff s nfe*a»w»»iaao** ^ k ft ^> £ 3 icfiOE&n 

llllo 

1 l] WE^JWr^^-f Xc^oThuIB^X 



(4) 



M2 00 2- 1 9 2 3 6 8 



tfita t l itmtv & * mg\mL\ mm <o $ *> 

[0 0 0 1] 10 

u-'*fi«3X«B*cHi'r«. 

[0 0 0 2] 

Sffifr 6 a® ft T j&p&rSBIteitfi 1 5 #T APX*J 20 

*«wrso l**u co*i56-p«ftpx*rftfeo*®o 

3%«K^*lBWi:«:*««JHiflfe}Sill*n*o <fco 
[0 0 0 3] 

m&m±-rzi5fct lt. wua 2000-21 

9 5 2 8 ^W^WBfl 2000-15467 ^WcM 

«jwf»j£T*ti, *px«*»o«jwf-r*a[m*^-"if3tt*c 
ftnx»ft»offlWr*«m*cft«**Si;*-*Tipx« 

[0 0 0 4] LfrU ftp 

xw*«9»c*i: tr^^, ftjxw*«oaffi 

i ^>T% *y 

[0005] *awoawtt, ftpx»ftw<DiSffit«:^i& 
t^-i«px»ia*a«"r a c * £ c 

[0 0 06] 50 



tB*t $ tifc' U— »f ftcoiRft^ tf - * / -ffi 

ffijbU X 1 0 8 (W/cm 2 ) ^fCJ&ScfcdJC/^l/XU— *f 
;l/X U-if^©IR^^iiPX^*^rtg|5tc^^^S# 

»*4PX»ft*fcfiai*'r*CfcJcJ:t), ««fifS7^y 
TiPXW*«<0rt»fc:«»O8«X* >y h AM 

[0007] if*px^Etc«tntf, fin 

X»*«OrtW*c««j«**to^TU-1fft*Ba«L^ 
»iR £ ^3 »fe«:fiJffl-r S c A: tc <fc 0 , *PX*t 

•r-rsHBrtcfire^OiEjiS^fcS t, iPXi*ft»*it« 

SU— »fiPXttlBfc:J:titf. LTfflK 
r*px»<M*^»iti* c £ tc j; d . ftp 

a*-e4px»fc»*«j»r , r5iii:* < 'e*s<o^ apxw 

a*«^Sci:ft<lBiX»fc»co«Illf^RlS6fc**o a 
^W^^^v^ftPXW^oa^rtSPtc^lStc?!^ 

[0 0 0 8] Sfe, *fA0X^(C^n 
tf, ftPXW*»^rt»*cJBW»*c^3tt?!RiR*«4«* 
t^SM^Mbtt^o <fcoT. *px»»*feiOSrfii 

[0009] $rc, #«w#*c<tntf, /^xu-f^ 

>y h fcOffi«t*^f? < & S J: 3 *cfBifflT*S C <^^»^ 



(5) 



*$BH 2 0 0 2 - 1 9 2 3 6 8 



«hc ommw'i^ < * s cfc 9 tc wwt* s s c t # # 

[0 0 10] cfcoT, /^VXU— IfJttOHDigLJBiftR 
«jf>Jit*Wu«;i;TC(OElB*R^*c:i:JcJ:t), £px 

^^vte»oripx»*ft©rt»teaftoaR^*^ h 

[0 0 1 l] Sfc, yftpx»H*cJ:n 

v>& 0 cfcoT, u— ^ipxaeBniAAsnfejaiiftRo* 

T'^So 

[0 0 12] u-ifl«iXttlBtt, ^;l/X8 

cotf—^/^y— ffiS^ 1 x 1 o 8 (w/cm 2 ) lX±tc&SJ: 

*o»«^nfc/^vxu-^o«^*ftpx^ftfto 
rt»*c£*H«#«i:, iraxWftWOttJW^^-O*:: 

HtW^SfflBMH^Sfc* *DX»*44i<Drtffifc 
*Jtej&*&ta-£T 1 /^bXO/^l/XU— »f)t*4PXi»ft 
*SNcHgatr £ £tlc&9. ftaxW*feortSP(c 1 30 
RX#v haWBl«<*n, aPXttftWOrtWfcatffcjfi** 

2H±T, ffiSS^^l/X<D^;l/XU— if^ftaXW^tcHa 

ort»*ca»oE»jixsSy hA^*«n. Artsn/ta 

So^^tcScJ^TBKD^aSHX*^ hfiBOfii«i>& 

^-rs 0 

[0 0 13] #58W#fC«fctltf. /Vl/XU— 1f^O»0 40 
JgLflift»tf-5E<D»^ /V^XU-+f^£D*^cDffi 

■X5t?y MB<DKK*^f? < %S J: 5 aiJST^^ch 
^jb^/io J;oT, /^;l/XU— y^tOife^OtHWW 

SC£tc£D. ftPX^^tcj^Ufc-WBJfJbnX^nJ^iiJQ: so 



So ^;I/XU-if)1fioaittjSO*B*f«»»fc*i, 
/ <;l/X U-lf «©*^«ME LT*PXJWM*l*»«l« 
*Tfe*^U tPXJWW*BB«LT/<;l/XV-1f3tt© 

[0 0 14] Sfc, #«BB*C«SU-1f4PX*li8*CJ:tl 
ti\ A»*nfe5S«0**SJC»-^l^T»D*3aftX 

So cfcoT, lfiPXKBfcA**tifejaja©*:*« 
tcS^TffM£ns&«x^y Hco^T, U— TOP 

So 

[0 0 15] U— IfftPXSJH**, /Vl/X« 

»sn*/<;i/x «f *<d» t> 3g ujaitt«o*# £*n 
;i/xu— ifjtoaijttjftotr-^/^y-ttfitfi x 1 o" 

(W/cm 2 ) fiU:*i:**J:3te:/^l/XU-1f3tt**3t"*'* 
*Jt^«teJ:9Jft^*nfc^;l/XU— yjlfi 
o*WjS**PX«A»<ort»fi:'&te'tf*^«i:, *PX*t 

^SOA££OA;£j 
*cS^^T»»#S«cJ:*/<7l/XU-if*©**ejSoffl 

*PX*fft«J©rtffl*C*^«:^t)H±T 1 /^XO^ 
;l/XU— lf)t«4PX»*»*c:Ba«'r*c: £K£ tax 

***«KDrtawi: iooksx^'v h^jg/sstu /jpx*j 

— *f^«ripx«*w*cBa»'r s c £ tc ^ 0 x wwrp^v 
-Y >jc»o r ftpx»ftwort8PJca»o»jiX5R ^ h ^ 

[0 0 16] tTftPXKEtCcfcntf. ^ 

;vx u— *f 0 3i Lmmkco-xz aratf / vi/x u- 

iiJ&So #JfB^«c««U— 1fiiPX«llJc«J;ti«f, 

»f *PXTOfc» I? 9 ^® X >K y h Pb1cDSE^^»]S c 

[0 0 17] CtlftOU— "fftPXKKJCfel/^T, U-if 
iiPX«lWcJ:t)*a*tiS»f(X#^ hco^?4^-Ti6f2 



9 

X«Mc»«»«c}iai'r*ci4:*«if**. 
[0 0 18] ^ftPX^gti, /WX(B 

7— x l 0 8 (W/cm 2 ) J^±lc&£J;5tc^;l/X 
x £ i± 3 fc , 

3Spxw«nort»*c*jejsi*ftt)*T i >^x 

<£v^t/X u— ifyt&imJMMtfatcfaitr 3 c k tCct K> . 
ftPX»*»©rt»te 1 "P(DSIX^7 htfJgfltSft, *P 

XU-^«*4DX»**fcflH»"r«c4:*c:<kO, 

ffi^>r>te«jor*px»ift»ort«*£*aoscKx*y 

Zlc-TZfctblc U—*f7tMfr £ fcB*t£ ft * / 

o mm £ ft & m m% <o± # $ * » s <t 5 k u- -9%^ 

[0 0 19] *5SW*cflR*U-1fiFPX«6BKcj:fttf, f» 
[0 0 2 0] »fiPX*11*C*it^T, Ml 

* n tt»*jft^a* « x s * 5 tc -r s c t * « 0 c 

tuc<fcfttf, «D&aaK^7 hlBOgE«iO*#«0 
A*«c*^^^TU— y*PX»B*»^*HJ:*ii&, is- 
1f*PXMJ£:««R«r»)*c: k^T?**o 
[0 0 21] #»W«c««U— »fliPX8ElB*i, /^l/Xtl 

ks u-if««3b^m»snfc/^v^^"^®*^ 

OVf— ^/^»7 — ffiS^ 1 X 1 0 8 (W/cm 2 ) J^ttC&^cfc 



(6) WrM 2002-192368 

10 

lrax»ft»ort»»i:*}ttja**to-*T i /Wx<D/i 
;l/X U~^^*PX*f^%(cRQ*t*r § c k <£ D . ftPX 

-1f)tt*liPX«***cBHI* , rsci:*t:j:0, BIBHMe^ 

^vfc»or*px»ft»ortffltca»o»jix*y 

[0022] Wipx«BK:J;ft«, P$ 

[0 0 2 3] #J8Wfc«SU— lf4PXS6BfC43l^T, » 

s w»#a»c t) ft fcfflww»»aao* t? ^ # 

£ 0 cfttc^fttf, »?)-&3c»ltx*yMBOKa<0* 
# $ <OXf] m-3^T U- If *PX«B«r» ft £ * « 
U-1f*PXWfc*B«W»»i»ft*a*cfcA^* 

So 

[0 0 2 4] *S5WK«*u-ifliPXKfi*i, /<rt/*« 
40 w i ^swto/<;1/7 if«*tb9*-rs u— yww 

?> a ft tdfrTs is— »f «oa*6jSo tf- * / ^ 

. ABffiAM x l o 8 (w/cm 2 ) W±tcft§j:9«c/^ux 

nfc/<;l/XU-^o««jfi*4px»A1*ort»te:*t> 
S ^a i: . »X«ft«iO«IK^S ^ > » o T / 

xu-if«o«j^««»w»c»»«-tt«»»#ak, 

»»#afcJ:«/^I/^U-1f}tO»J^O*B»W»IIM 
so So^^^JgrMIB-rsiaKWffls^ai:. *nx^t 



(7) 



^2 0 0 2-19 2 3 6 8 



11 

1 hATO^tl, ftPX^gi^OrtSlS 

XttfetSKIBSfr £ ctic£9, SJBr^^vtciBo 
T»XW*»Ort»»c«ttO«[K^jRy h ft* 

[0 0 2 5] «f4PX«Bfc«fcfttf* a 

;l/X U-1f*o*«^offl»tt»!Kr»fico*#$ fcOJB 

[0 0 2 6] *!6WtciS*U— !fApX«B^43V^r, ffl 
*^t)H±»W¥SK: «fc 0 WW* ftfcB SZktf 

3 cftfc«l:ft«, »!>$3*Jlx 

[0 0 2 7] ±IBO-r^TO*58^(C«S U— WlPXfit 
Bfc:J:?>. WHR^^Y^tc»^T*PX«**SiOrtSB*c 

*PXj*fc*©rt»fc*S^T * ^ y Lfc««Tfc 

s*7y**c ftpx»*«ort»*c^i/^T»«iiafflL 

[0 0 2 8] ±8a^-r^TO*f6Wtc^S U— *f*PXIS 
Bte-fcfttf. BDdSStftXsK* hH0£££Hir?£ 
5fcJt««*«Wf^*^-r>te:J0oTjiaEW«z:JB 



12 

^ra«B**Sj*i: bfeiPX3*««BO«I»f^SSi:«: 

ofiBBTtifeSSfiOSajK^ISbTi^o 
[0 0 2 9] 

o^TBHfcffl^TBSH'TS. *SMi^«Sb-if 
10 ipxKBfri, ^^SftKti: J: 0 LTi^ 

[0 0 3 0] aSORlRO/^VK^yyBcJiOfeJtt? 
T, »»^KlR*^US*mihv>EcT*&So bfr 
-T&hnh v >Ec<D^{£ (n=2. 3, 4, • • • V$> 

j&cotf— d^?— fflK (w/cm 2 ) "ei*«o, M^tftr— 

*/<7-«BK*M X 1 0 s (W/cm 2 ) W±<0ftff-C^ty 

tfft© 1 /Vl/X^fc0Ox^;l/^-) (U— IfJt 
0(f-AX>f7 h»rffliStxy*/l/X«) tCcfcD^&eti 

«ftj«<D«IWftfi (W/cra 2 ) 'PftSS, 

[0031] co^da^jt^iftiRftWffl-rs**^ 
istc^s is—vtoQjKDmmico^xm 1 —in 6 #ffli^r 
30 f&wr&a m i t*u— *fipx*otPXj**» i ownm 
r*&9, m2&m i ^^-r*px»*% i on-nwcja 
ofcBffffiik-efet), B3«u— tf*pxaoipx»ft* 1 

©¥B50"?& 0 . @ 4 &HI 3 tC^-TAPXW^ i <o IV- 
ivfilJcrfto fc»fffi0t*fe 0 > B 5 till 3 tc^-TJjPX*^ 
M 1 OV-V3»tc}Q-3fc»fBiB"e»t), 0 6WK$tlf: 

[0 0 3 2] HI 1 Rtf B 2 (Ct^-T cfc 9 tC, jbDXW8ft*!a 1 
08I3*i:iiSl«fg7^y5tf«« fl «J»f^7^v 
5 ttB««*c:5Etf fefiffl«T?«« 0 ^Hffi^Bfcffid U 
40 — tf*px(±. ^^KiRTb^USAft-pliPXJ*** l O 
«W*c*3^P**t)H±TU-1f«L«riiPX»** l tcBS 

[0 0 3 3] l/-tm^MfS7^f>5ICfaoT 
htc^D. «^P*«Wr^'7>r>'5ti:J&oT»!ltt* 
A^Wr^v^>5tcKioT/iPX»ft*& l OrtgP(c<D# 

Bfc-znz* *sm»gi»»c«su— yiipx^rffiti^ *px 



(8) 



#120 02-192 368 



13 

oT, ftpX^WlO«H3WiU-tf5fcL*MSfc^H 

[0034] fcDX*MM* i ©WBWcfei^r. «jSfr*ffi 
BfteiB£ft<fc*4:*nx»*» l 6 fflns© 

T\ B 6 fcjR-T <fc 5 fclt«Wi^S5S:*f-PlraXiMft* 1 ^ 

wnci:^tSo cfcox, *nx*r««j i ©Sffi 3 10 

[0 0 3,5] ftfe, KJl««*iBj«4:LfciiPXJt**eD 

*X»»««cA»Wa**<9i!iPSti*cfcK:J: 
*K««*iB^i:bTlinx»ft«^wn, *px**& 
^jb^Bff^nSif^T&So C*U*. ffiJ^.tfftPX*f«W 

nsttt, 4pXJ**«0«»rPfi^>r>»i:»o 
T»PX«ft1»tCfltfjS*^^»r^**P^./cD, tux 20 
*f »«Wc fflJRM £^ *. S c t (c £ 0 JKwSrt 

iitCcfct), *««««iBjS4:LT4nx«ft«iOBrffi5!rifiil 
SiTSD, *px*f*«3co«*^#i/^»^. ff^^rr^tc 

[0 0 3 6] ^SBJBSItcfel^T^^BSiRtcj; 
Dflgtt«tt*ScR««£LT\ JKO (1) ~ (3) tf* 

So 

(i) »a«i«^-ox«fia<D^7 7 ^*ttr^7 y 

*«H«0»* 40 

u— f "Tt^Anxw^ («y a na^ x^l iTao 3 a^^s 

Hff^KAM x i o 8 (w/cm 2 ) W±t»^o/<;I/X«l^ 1 
*«?9R4X*feC*^oojtaXW**affifc*ttft^ 

S Q CO3t*W»«fcJ:04pXMa»Ort»JcJ»th-r* 
«8*ti, ctiJcj:t)ftpx*fft1*iOrtWJc^7y^fii so 
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X 1 0 12 (W/cm 2 ) TfeSo ^^l/X*Bttftl*tf 1 ns— 2 
i (19 9 8^. 1 2^) 0^2 31-^2 8 H<£> I"® 
[0 0 3 7] #WH#tt* «»3ltti:*5y*0*e« 

$>s D 

(a) imxttMMu'Wisytx cmmm) 

OSS 7 0 0/ib) 

(B) U-lf 

ftiB : 4£i»f*U— tfftiBNd:YAGlx— *f 
ScS : 1 0 6 4 nm 

WttXaK* hWfffi«| : 3. 14Xl0- 8 cm 2 

*89jgUaSSS : 1 0 0kHz 
: 3 0ns 

•fflMMl : TEMoo 

(C) Sltt/BUVX 

(d) ftpxMfttt^KB^ndnfB^o^nas : 1 o 

0mm/# 

[0 0 3 8] H7tt±IB*»0*SJ|l*«'r^7T* 
So WMitt ^*c<fc0*px«ft«B<O(*l» 

So ^7t»OJ»3tit?S , r-r-*Ciifc*fifflU>X (0 
oos, nntt (na) #o. so^ts 

So —75". y^^^tDeAT^-rx-^filRJtefflUVX 

(C) <D«Sfctf 5 0«. BBPR (NA) ^0. 5 5 0«« 
T'feSo ^-^/W-^Jg^l 0 n (W/cm 2 ) 8*3^6 

tDI»«1tlOrtBWc:i'7y HtfRtL, tf-^ 

[0 0 3 9] ^(C, *J8SSJB»C«*U— IfiPXtCfel/^ 
Ts *^-y*«««**cJ:S*PX»ft«|co«IIKO^*- 
X^tCO^TH)8— El 1 1 ^rffll/^Ti^-TSo ^8tC^ 
Tct^tc, ^^RiRA^USSfcffTftPXit** 1 ^rt 

fflK«*j«p**fc-&Tu-"-«f3tL**Dx««i» i icmm 
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1 l ic^-Tck 3 tcAnx^t^ l SJft£ c <h tc x t> *PX 

[0 0 4 0] ( 2 ) KS«4E^«nffl^««EO«'fr 

SSffirfM x i o 8 (W/cm 2 ) W±T^O/<;l/X«3bM 
^JlfiTF(RiRfc:J:t>TJ»BrWfc:*P)tt^rti*o COMCJ; 

o*px^feiaortapicsMffls«a«^fi8^nso iSM 

T> ft *«igWBUO«Bfi*caf t L feflift k 0 ^ C £ 6 T 

«ifii»ftSo **5. «»3aK©±H«fcLTti. ey*tf 

1X10 12 (W/cm 2 ) TftSo /^XlBtttfllfctfl ns— 

2 0 0nstf»*U\ 30 
[0 0 4 1] S/U3>">i/N<DF*3gf;"e»IBl 

[0 0 4 2] (A) AnXfctSWSl : U a z/*? x/n 0W£ 

3 5 0|im, Wl4^Vf) 

(B) I/— *f 

fttfji : ^#b-1fl!j^Nd:YAGU--+f f 
i£S • 1 0 6 4 nm 

U— tf^X^y K^TiSa : 3. 1 4 x 1 0 " 8 cm 2 

$mnm • qx^ >y ^/^i/x 40 
rnvm^mmc : 1 0 orhz 

;Vi/X*S : 3 0ns 
fcB*F : 2 0 /zJ//^;l/X 
U™**fftp D q® : TEMoo 

(C) MfflbVX 
fgsp : 5 0 ^ 

NA : 0 . 5 5 

ifftas»c»-rsHB» : 6 o/*— b>h 

(d) Anx^ftttr^ttd^n^ns^^UMK : 10 so 
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0mm/®> 

H 1 2ti±E*frTOU-1f*PX*cJ;t)«IK«tifc5/y 
n V * x ^ o— » 3 B? TffiO^M £S L tc m V ft 

%> Q v'Uzi^x/m 1 (DftmcffiM9&mmi& 1 3*><jg 

Iffl^«Olf S*|rI<0***« 1 0 0 /imggTCftSo 
[0 0 4 3] SMWl 3tf^)tt?RiRfc:J:»)»* 

U n>SSOJ¥*t^5 0 /im> 100/xnu 200^m> 
5 0 0 finu 10 0 0 pm©&*U:oi/>T±gBliB«*^L 

/Co 

[0 0 4 4] CT*.fcf. Nd:YACU.—if^a6St?ftS 1 0 6 
4nmtC43t^Ts 3 VlSOf^^ 5 0 0 \i mWTO 

y ^ >stEortsp-p« »f 8 o %w±a 

ifit"5C£:tf#fr*o 0 1 2K/TNt^'J3> , >x/M 1 
<Off£ti:3 5 0 /imTftSOT, ^^WRtCctSiSIB 

1 7 5 /imOW^tCfgfiR^nSc CO«-&©58iB*te, 
2 0 0 /iraOiyy 3>^x/^#^Ctl)i:, 9 0 
%W±ft©T?, U-^^>"J 3>^x/M 1 OftfflST' 

S66i (2 0 0 0^4^) 0^7 2M-?B7 3M^O 
[0 0 4 5] ft*3 s S/'j3^xAfc »llkA8««$ 

tcpjs^sciowntiaifSfcfiKS'r^W'&fcftsb, ^jp 
x*i ii ffWim zn&ctic^o fiJc^-r s m -& fe ft 

n^-o-esso i^-rnoii^t^iBffSfcowwffittH 1 

*PX^1*Ort»*c»BWfiffl««3&JBfi)it'S»'&, S»Jif 
[0 0 4 6] ( 3 ) atKflW^JBSrWf b««<0«« 
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«r-&t>^T, *Jttj«ti:*5»S«lfar§E*M x l 0 8 (w/c 
m 2 ) W±t?^o/<;l/X«* l nsWTOftftTBHW-rs. 

KBffifcLTte, tfljxtf 1 X 1 0 12 (W/cm 2 ) T?*S 0 

;l/^«itWA«insWT^»*b<, lpsWT*Mr6fc 10 

^4 zm\y—^fmdxm9t^ticMk (1997 

£ effect D> 1 u-f til. 20 

h fc^O 1 'VPx<d/Vuxu-^t*»/£;* 

[0 0 4 8] /^;I/XU— if^toat)igLjaiKft«:f (H 

z) „ ftnx^^oxttx^-^xtiYttx^— ^©^Ij 

j&ffi^Tv (mm/sec) £-r£ 0 Ctie^Xf- '>W1I 

n=l7v 
p= 1 /n 

[0 0 4 9] <fcoT\ /^l/XU-1f)16<Oli0jIL»«» 

Wkf (Hz) ^^<^Sc^^Xr— ^O^iftiiJS^v 

(mm/sec) < * C t lC & 0 . Vy9-p*'l^< 

M«IT»#So i^tc. at)igLi5iiSa*f (Hz) £vh£< 
"T^C t^X-r— v'O^ffiliiS^rv (mm/sec) ^7v^ < 

[0 0 5 0] £C3T\ fcfy^p£:9J»rP3£v^V5# 
[SHc&ttS^^y^xtf'y hO^ffidirOM^Il l 4 
—mi 6lC/jrr=5ffi9tf&£o [ill 4H^i 6ti, ^ 
fiBBBfeflK U—tHmxic <fc D ^^*y ^**tfM«ti so 
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fcipx»*W©«»rPffiv'f > 5 tcjfto fe»»(0¥ffiH 

f«T«^n5o $$fc<D^*y*X#>y h9 OtfWK 
> 5 *c»o Tifc-K «fc 5 lcJB/» £tt£ c 4: (c J: 

[00 51]HHIi, ^'y^p*^j*d*0** 1/^18* 

oT*pxwfti*ort»tc(f«w»i:flgrt^nTv^o 

■5 y i^fi9« 9 tt«j>rf ffi^-f > 5 fc»oT*PX*MM*© 

ftmcmma&j&ztiT^Zo mi 6« s e^p*** 

Wrf^^-f > 5 K:j&oT4PX»«»ortW*ca«W*i:« 

[0 0 5 2] si ^and *^*«B«9#$j»r^ 

U-1f4PX»T*fc*nX»**OfflWxa*t53«*, 

nipxwftHKo/NVKy v^sata:*o hi satfa 

&t LfciPX»iM*©«KtfSBfca:*« 
[0 0 5 3] HI 4tCctn^*tf^7 < -p^-J'ffidJ:t)7vt< 
SnrfctK HI 5tcJ:ntftfy^p*TfS6di:ie«L< 

iR^C§M^TOc^^n/*c^^*y^X#^ h 9 0 

^RiRO* U £ nfc ^77^X^7 

7 h 9 0 < 

/Co 7 7 7 ^ 7 h 9 0 t < ^ 

iPX»*1ft*«W^fi^^v»c»oTlllfBK:«J»f 
So 0 1 4Rff0 1 5tcj;ntf. ^^y£X#*y h<0\|- 

[0 0 5 4] tt±KWtftJ;5lc % *^S(i^f®tcJ:n 

ci:tcd;D> tr^y^p^iri'Jffll-rsct^T^So cntc 
cfcO, «raX«ft»0»^^»«««:*iBLrify^p«: 
^^c^cj;^ ftPXWftWtcjC Cfe U— tf *px*<pr 

[0 0 5 5] lf7fpWWT^§Li:lCO^ 
T, ^^'y^XSyKOldTRBUtf, r§MMHX 
>1^^y h-^M/T^^X^/y hTfenaocitftAS. 
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yt&ttmfe b xtnxnm^^m £ # 3 & <£ ^ 

t *n l ft *C ^ffij $ -e s fe J: ^ 

[0 0 5 6] *SH(0BlBJi:«Sl/-lfipX««^ 10 
Ol^TlttB^-r^o HI 7ttil(0l/-fj!)Dl8il 0 0O 

L*H£.tZ\s—Wtm\ 0 l U-imoU*|Jf>/< 

j\s7,mm%mmT%rc&icu-~*fytm i o i wwirrs 

-»f»«M»» 1 0 2 U-1f3ttLOJE*f«fi6*W 
LfroU- tf#LOJWlli©ia**9 0° KASJ;3fc:K 

ffll/VXl 05^ MfflUVXl 0 5-e»ft£n*:b 
-1f3feLA^BM**n**nX»*» 1 WttB£*i««Bd 20 

\07ts fisst? 1 0 7 *im'fifaic&Wi2*±2>rcib<Dx 

iXf-y 109^ ilSii 1 ^ 1 0 7 £xffl?3iRjfc:iE£"r 

tt^rcibvzm^T—i/i 1 3£. :tlf)50©Xf 
0 9,111,11 SO^Stl^SiJffiJ-r^X-r-v^SiJ 
Ml 1 5 

[0 0 5 7] U— 0 1 ti^;l/XL/-fM^ 
■T§Nd:YAGU~ifT^i)o If^fiB 1 0 HCffll/^d 
t^T'^^U—tftLT, Nd :YV04 U— If^Nd : 30 

««^JSIHHta ! S««*«J«'rS«^, M:YAGlx— *f, N 
d :YV0. U— * 9*. Nd :YLFU— ■y f *flH/^OW»aiT** B 

[0 0 5 8] U— *f 3fcSi 1 0 1 teQX-T >v U— If 

^>o Eli 8(±. u-if^u 0 ncK^n^Qx^^ 

^-U— »f(0«»«|J«Ht?»So QX^y^U-lftt. fit 

^HB^ia^rBBB^nfc^^— 5 1 , 53£, 

51^^7-5 3 4:OIBtEB#tifeL/-1fWK5 5 4 0 

7, U-«15 5 £5^— 5 1 t(Dmc&W$tltzQ 
X^f7f59^, ^ifiiiX.^o U-tfKJt 5 5 
K.tfNd:YAGT*££o 
[0 0 5 9] QX-f^S 9 fcfUJfl LTtt«B<D»5fc* 
Sfi < LfcttflRTBWES 5 7 A^lffljBA^* tf«« 5 
5tC>JPx.£C£(c£D, U-fiS5 5 <DEIE#*tj*»r 
£ffi£T*±#£-e£c QX^y^S 9^fUfflL 

^txfc3i^;l/^— ^r^tc^lil^^^l/XU— if^L* so 
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7LlSa&WfWX<DMk K> ii LJajftftOSft) tCcfc DQX 

T, U-if^S*iJ»8S l 0 2 Office <fct), U- 
■»f}tt»l 0 1 ^6t±i^^n^^;l/XU-+f7 l dL^t)iI 

■Ktt, U-1fAPX*BO»f¥#^aTBiW , r*^f*WJ 
ttlffi 1 2 7 K«*ffl^Tli0iKL«iWtO* 

1 0 1 Og¥fflT*fc*o 

[0 0 6 0] *f*JPX*, *DXJ**%) 1 %X'#7?fp)^Y 

K««*JB«"r*»*, XiMx-r-^l 0 9 O^Oidai/^ 
*BWIi-rsc4:*cJ:0, 'VUXb-lfttO«tt£Offitt 
W»ft03SS«:Wffi-rsc:^A<T$So I/is YW#|p] 
te*KW**#tfr**d, Y«xr— >N 1 i<o#» 

»w«ti4p xt-«i 1 5 (4ias«wp#ao— 

#|J£&£ 0 ^JgoiTOfi, u— «f*nx*Bo»f^«3bMS 

TSiRa-rs^MSPSP 1 2 7 Kwa^ra 

[0 0 6 1 ] Z^fRl^^nX^t^ 1 Og®3 ^E3^*T 
MlWfil^^o ckoT, ZWX-r— S/i 1 3^:Z$fi 

tfiRHc^ra^-e* c^iao, ftpx»ifc« 1 ort^tc u 

-^mco^7 , e^P%-a-^H±^c:<t:^-z?^^o Sfe, ceo 
«^ptox(Y)W75iP]o^e»ti, ftnxttfflh 1 *x(y)W 

X-r-v 7 1 0 9(111) tcJ;^X(Y)«^riS]tc^Oi(j^H± 
§Ci:tc^DfT-3o X(Y)»Xf- i^l 09(111)^ 

[0062] ^Ttffl i/yxi 05 imyt^m<D~mv& 

Z>o ZliXr— ^1 1 3 « If )ttO«3¥jS[3&liPX*t* 
0 5^Ztt75f^fC^Kj^^§C^^ct^T^, U— 9% 

o*fe^**pxW*1»©rtSPtc-&^sc: i:A^r*#S 0 
[0 0 6 3] U— WiPXaBl 0 Oti^^iC, IISK61 

0 7 »c«B«nft*px»ft* 1 *Rrajtt««c«k osaw-r 
*fci&jc^«)i6«3&»s-rsw*fflyfiiH 1 i7t> 

^□^7^^7-1 0 3S^7^fflUVX 1 0 5 i:PJb 

^fi«i±*cEfi**ifeprajtffl<ofci:-i*xyy^# 1 1 9 

£, *mx.&o H-U^'J7^1 19fc»}tfllUVX 

1 0 5 £<DmiC?J?a^y 1 0 3OTEBStl 
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*i i 9tw^it^n, ccD%iMznrc»iffim& 

^V^n-Ty^^- 1 0 3RZfmytmi^yX\ 0 5 

[0 0 6 4] tfiPXKB 1 0 Ott'S&fC, tT-AX 

ffll/VXl 0 5tlRlC^W±tcSBS^n^Ji^^l 2 10 
1 RtfttflkUVX 1 2 3 ^Ix.^o £MBK? 1 2 1 £ L 
T (±00*. tfCCD (charge -coup led dev ice) ti ^ ^ tf& Q 

■wwrf^^-r > s m&^tsmm 3 *mw b/c nsmymv 

10 3, e-^X^^y^ 1 1 9^11L, ISil/>X 

1 2 3tS®^ntffi«^f 1 2 1 T*ffl«sn, Hft-r 

[0 0 6 5] tf&PXSBl 0 0**2 SKI, iM»R? 

1 2 1 ^ew^^nfejaa-r-^^A^^nsa*-?- 
^•jaaffi 125^, u— twraxsw 1 0 o^te^frarr 20 
*£fMMWW 1 2 7 4:, 12 9 4:, ffl . 

•-r-^ffliiw 1 2 5«±. Mf-^^atM 

LTXt— 1 5^Z«Xf-^l 1 3^®I 

wjw-t s c 4: o x Bj««<oj»ja*«ffi 3 o j; a 
* 1 2 9tci2i^n^o cntc ct ^e~£ 1 2 9 tea* 

[0 0 6 6] ±<*ftijffllgp 1 2 7 iCte, Xr- VWSm 1 

1 5^p)(Df-^, a«-r-*jaa»i 2 5^&<dh« 
mmmk 1 02. mm\mm\ 1 ystfx^-^iwa 

1 1 5**JWr*c4:tc:J:0, U- 1f*pi81i0 0± 
»**JW-r*o cfcoT. £<**JSP«n 27tia>tfzi.- 

*rL~*y h^LTMte-r*- 40 
[0 0 6 7] HI 1 9 t££ttfHfa« 1 2 7 <D— CTO— SP» 
^t^a7^0T'*§, £tt*"Jt»9H 2 7«Sg«tiaW 
SIS UK ^ffiK«» 1 4 3 RtfBttfttibff 1 4 5 *« 

Liil![SO*#S»tfXf-yi0 9, 1 1 l<Dg®j3£ 

[0 0 6 8] SEBISISSP1 4 ItiLbiEbfcsK (n=f/v, 
p= 1/n) *WfflbT»9«-5#JtX#-J' h^OSggtt 

«ri»»-rSo SEjttiSWgB 1 4 Ifciu C<DBE«I so 
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x-^^^t-^ 1 2 9tc3M£ 0 CtUCJ: 0, ^-^ 1 2 

[0 0 6 9] Sfc, CcofiEUt-r-^tiS^fiKaP 1 4 5 
tck^eti^o TfffiSESSPi 4 3tett^*c<ou-lfip 

x«iBTjg«sn*aiix*y hOTftt^iE«snTi> 
1 4 3icmw.zntt&cDT'-z£*mcLT, cose 

/£b^-£ 1 2 9tC^£ 0 cniaD, 1 2 9 til 

[0 0 7 0] ggglMWg^ 14 1(ig (n=f/v, p = 1 / 

^f-^ 10 9, 111 (D&m&&£&Mxtfv Mffl 

•r-^;l/Ox-*«rE(t*»»l 4 l fclBttS-SSo t* 
DigL/i^cOT^^^Rt/Xv 1 --^ 1 0 9. 1 1 KDg 
»^0**«'*<B«»B»»1 4 MCXJltZtlZCttC 

<fctK SES£i8fit6IU 4 m±fB^-:/;l/©**>£cn6 

x#^ MaflDKmsK^m-ro 

[0 0 7 1 ] fcfc, 3i0&b^»O*€2£:[I]£bX 
Xx-^O^ftaSKO** ««rfflffi b« 0 ig bflKRO 
l 4 nc*5i^T±iBbfcS J ^-r-^ r ;l/*fflv^ci:*c<fc 

[0 0 7 2] J^±<Ocfc b {CH 1 9 (C^-r±<**i|9PSP 1 2 

7 Tfi« d m bja sao a * <* ^ x t— ^o»»iaK<o 

OSBBISrA*! U ^0)Ib^^^^^^XT--v ? tO 

[0 0 7 3] H 2 0 »^^Wn*ffi 1 2 7 <OfttW#J<D-~g!$ 
»*St7ny»BT?*«. 4»MM1 2 7 tiJOO iS» 

siwspi 4 7^^ 0 is-*mxam<ow&&i**-- 

KtBJc <fcOJB«fti8JIC»l 4 7JcWD"fr-5»«X# 

ti, il0X»»«O»«*»ft»**fllLTttS*ti*. 
c<0A**c<kt)JBifift«J(Wi 4 7tt±iaS^T— ^ 
^rSStc bT s c 0SE«0^: S S ft S «>OH afitt« 91 

Httftamtffii 4 7^^^nfc^-^^u-+/^»j 

Wi 0 2tc^^ o coJHtt»o*:#**clHai*tifeU 
-+//jpx^T*px^^^ u-if*px-rs c ^(Cct 
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0s »D^93Wt*#y hM(OEHi*BfiIO*:*^tc-r 

[0 0 7 4 ] El 2 1 «^f*WJW8P 127^ ^ICffiCHM 
O-ff^S^-rrniy^H-CfeSo l 2 7li 

n&o zcDAtuc&vmmfiiWffli 4 9«:±K5K*>t— 

— ^MflS»l 1 5lCi!SSo CfcX'r— Sottas©** 
$ iciiMiss nfc u-tfiraxiHBTiHixM*** u— *f»p 

O-At^Or-^M-^ l 2 9(c^^^tis l^t 

- s^iaao^: * * w«s * n * . 

[0 0 7 5] m2 2te£#*Jfflia5 1 2 7 ©£ ^CfftOtfU 
ffl»*t>H±ia*«5 1 5 IttMz-Zo 0 2 1© 

5 l tcA^-r^o *E#^to-tfc»J(» l 5 l ti±fB^T* 

[0 0 7 6] ta*-&to^r«JIE«B i 5 l (iiai^nfcf- 
tciM^o U-^3ttiR*J1B«Bl 0 2tt»W«nfc«05BL 

mfancD^zttez^^icis-ifytm i o' i ^wai-r 
jgo^^^^^cfcatcxr— v i o 9, i i \*mm 

ft1»*U-1«lPX'rsCfc*c<fc?). KD^KSUtf-y 

t^Of-^it-^ l 2 9fct>j2|£>*i, fltWSftfcc 

[0 0 7 7] m 1 7&tfll2 3£rfflt^T, 

U-if»PXSElB«:ffli/^cW1fftPX7?ffi*HH 
H!2 3te\ COU— *f*PX^ffi*KWT*^«> 

[0 0 7 8] ftPXfctfel* 1 <O«?ftiR^tt«:0^U 

v^^ou^^m^^-r^u-^T'c;^ i o i 

£ e WaojBJ^«S*RtfliPXW*W l Ol8f**Ite b 
t\ jliPX^^ 1 OZ$ft^lRl<D»tB(lS^r»5^-rS (S 1 0 



" 3) o Ctllt If^tLO^jSP^lPXW** i <ort 

[0 0 7 9] iPXWftft 1 «rU— tfiPXKE i o o<om 
■&l 0 7tcK@-T^o ^tt, K&ffiftWl l 7*6 
WWtt*fg£Stf T*XM*W 1 (S 1 0 

5) o HHW«tifc«JBf^E^>ry 5 trtPXJMMfc 1 

-*KS^T»fi7*-#««» l 2 5 fiffHXJ83%H l 
1 7 tORl«}tOj6Rj«*«ffi 3 tcffi©-r^^ 9 ajUUftr- 
^fciSS-TS (S 1 0 7) o 

[0 0 8 0] coJIRjiSC^r-^ttXf—^MIIIWi i 5tc 

StCLTZttXf— i^l 1 3^Z(*SFlRjC0^a$^^ (S 

i 09) o cntc<fcD. wmmytm\ \ i<om\m(om 

jiS*«iB3*cffllt5o ffla-r-^fflaSM 2 5 

Wftttio^ffiaoa^iioft^-^^w-rso cos 

^Wil-r-^iA^WJffllBPl 2 7^1^-^ 1 2 9 

tc&en. cn^cj; o^e-^ i 2 9cw;t7^y5 
[0 0 8 1 ] £ttftiJfflJ8P l 2 7 lc te^ftx-r v 1 0 

30 Xf — is 1 1 3tC<fcDilPXtt0tf*J 1 ^Zift^falC^SflS 

^§ (si l Do 
[0 0 8 2] ^tc, 1 tFT^fSStl 

moisnl o*otry^po*#«*as-r« (si i 

2) o If -y^pJ4j!inX«** lOIP* L 

SP8B 1 2 7tcA**rSp 

[0 0 8 3] 1 0 1 & U-ifJttL* 

^£2i±T. U— »f}ttL**aXWft«B 1 ©Sffi 3 
40 -^7^y 5 U-!fmoittP(^tlM 

> 5 tcrB^ cfc 3 (CXlMX-r-- 1 0 9^YiXf-^ 1 

»3 cfc^*cftpx*f*«a i <Dfama&i£*?z> (si i 

3) o ^bT, iPXWAWl^WBr^fi^^vSteJBo 
Tffltf^c^^cfcD, JPXWfc»l*«I»f"rs (Si l 
5) o cn^£9> 6PXW**l«:S/»J3V^yr*c» 

so [0 0 8 4] **«g«»<oa**8ttwr*« cntc^n 
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7^y5^Wltt^o fit, XttX-r-S^l 0 9 
^YiXf-^l l l c tic *«jSp 

& c £ J: D . tfc« T?iPX*Hfc» 1 
SCtOTtSo CtUC<fcD> *PX*MM«n <D«ffi 3 lc 

c<^^< ftpxfctfM* l S c 4: £ * o 

[0 0 8 5] *^jfgflgffifccknif. ipx»*»i 
tc^^i»iR*iBca^**ff , T?*poipx«awh i ort 

JLttMm 1 *$SjSU iraxttftl* 1 .OlI3T{i^;l/7 20 
^ijHH"e*ffi3*%lli«<0^-if«:SttSil £1*1* 

[0086] u±mm Lfc& o ic^mmBWac &tia s 
&pxjmms 1 <Dmw\ 3 \c^m^^y^ y 5 

&Stefflft^»llfc6<£ U * c £ a < , ftpx»ft» 1 £^ 
BfTSCt^'eSrSo J:ot, iPXttfttt 1 

«ffi/^*-v^jB««nTi^ipx*»*^ jsmig^ 

[0 0 8 7] *tttf, iPXJMMft 1 

£0^®3CO«J»r^^^>5Ci^ffl!b^l^T% ^$T^ 

S<T?*-So CtUCcfctK — ttOiPXWftttH^ftf^H 

[0 0 8 8] *mfi®88(C<fcntfx ftPXWftWl 

*itm^tz.9'(i/w& d tawiftApx^nrftBfcftSo 
cn6o«ft»4»csiwr*w-efcra»T**o 50 



[0 0 8 9] Sfc, <fcfttf, ^;l/Xb-if 

09, Ytixf-^i 1 1 <o&m&&(oj;Z2<?)mmc 

<fcO, B»^3»HM!BIX*y hOB(i*W»"Cft* 0 *JP 
x*MMfc 1 o*s*»»s***LrB(io*:**«a 

[0 0 9 0] 

ipx«««oaffi*cjStt^w^s^-<y^6^nfciij 

ft*<£i;sc4:*<* JoxStfftWftWBfrftci:*^* 
£ G £oT, iPX»ft«*«IIWr*!ifc*cJ:Of¥HSh 

[0091] *sg^*c«su— »f*px»fiafc«fcnc*, ^ 

»t)-&5a«XaKy h«OIEI(l*»JI|l-P#*. *JP 
x»*«<oa*^l»a«fc:fi: CT c 
tcj:t), *PX»ftft(cjSi;^«ffftpx*^*g4:35:So 
[0 0 9 2] *56W*c«su-ifiPXSil(i:j:tiif. m 
D^^ix,f7 HHOBl«0«[IIcttfli«ra*'r*c:i: 

[0 0 9 3] #aWfcl«SL/-1fllPXttHJCJ;tLtf, HI 
0 ft 5 »B7* h HOE*©** fc»r3^T/<;l/X b 

[UffiOffi^^:^] 

[B 1 ] ^ffi^tcf^^U~+f , j[jPXtCcfcoTl>'-+f^n 

[n 2] in 1 fcs-ripxssftttoii-niifciaofeBTBB 

[HI 3] ^Hflli^fiR^ft^ U— tfinXtCcJ:^ U-ifftPX 
ftOftPXWft^JOTBiHTfeSo 

[HI 4 ] ^3 (c^-riPX*rft«acD iv- iv»c»o rcWffi 
[HIS] H3tcS"«PX»ft«aOV-«6*c?BofcWfffiia 
[HI 6 ] ^j^m^^^ U-+fiPXtC <fc oTW^ti 

feiipxwfcwoTffiH-ea&So 

[HI 7 ] &mMBmic&% u— «f4PXJcfett*«»3fi« 

[0 8] U—tf*PXO» 1 XStcfefrt 

S4PX»ft«KDttffiHT*S. 

[hi 9 ] xmsBmicmz tftpxoa 2 xs*cfe» 

«4PX3*ft1ftOBTffiH"l?«So 
[@i 0] **JSJB18Ji:«su-ifliPX©®3xa*c*5 
»S*PX«ft1*OBfrDBH'e**- 

[0 11] *»|IC1SU- +FftPXtDlg4XetC& 
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if & buimmm O Wf B5 H T* fe S o 

[mi 2] *mb&mic&%is-vhnxi f c&vwwizti 

[Hi 3] *^fifi^S8fc«SU-1f*PXtc^»sU'---»f 

[Hi 4] **M*«tc«SU--1fiPX*CJ:0*9y* 

ffl#<DSI 1 WOfHB'PftSo 10 
[Hi 5] ^ffl^^c^^U-if^PXtc^O^^'y^ 

s nfc *px*t*wo^^f ^ *r v tc » o fc 

[Hi 6] IfftnXfcJ;!)*^* 
W*imw& nfc*nx »«ft©«JBrR£ ^ > tc o ft 
»#<ogi 3 «OTBBHT?**o 

[Hi 7] *^ffl»ffi*c«SU-ifAPX«BO«IBS«^ 
0T**& O 

[HI 8] *^*«Kl«Sb-1flHlX»«OU-1f*fi 
SIKHS*. 5 tX^QX^ >y ^ U-fOWMit^^o 20 

[hi 9] *nmmici&zu-^toxmw<D±mm 

[02 0] *£fi»Bffil<:ffi3 U-tf*PX«H©£ttfMW 
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[12 1] *^SEiJBffifc«S U— y*PX»«©£ttfM» 
ffl$<D 2 & ffi OCT O— g|5#*:*rr 7 n y Z H T*fe S o 

[022] *mm&mimzis-vhn3:mw<D£wmffl 
[02 3] *igffl^tc«§u-^*ax^r^j-r§fcA6 

[02 41 ^ttJBfflfca^U-^nXfcAO-WBfnrffi 
ft/^^-y*RW^Sfe»04PX»**0¥BSBlT'* 

[|9#<0lttW] 

i • • - ipxwft*. 3 • • • *bb* s • • • wm^m 
7 - • 9 • • - ^^(W, i 

i - • - i 3 • • -SRksaawv. 9 

o . . . ^777^x^7 k i o o • • • »f*pxs 

1 0 1 • • • U—WfeBU 1 o 5 • • • UlT'efflUy 

X 1 0 9 • • • XfflXr— v\ 1 1 1 - • • YlAXx— 

>\ 1 l 3 • • • ZipAX-r- v\ 1 4 1 • • • 2gpffiS5W 

1 4 3 • • • Tfffil3«», 1 4 5 • • • mmttiSL 

l 4 7 • • • iaKtRiBWBP, l 4 9 • • • 3lJSrll©: 

ffl$. i 5 i • • ■ffl#*fc>H*W»«. p- •"•aafcjSL p 
• • • hOt?7^ d • • • 
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300 
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[0 13] [0 18] 




1 9] 
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[s—*2bEimm& 102 
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[02 1] 
=E-$ 129 



127 








149 















u—tf 102 
X-x-^ffll^115- 



02 2] 

129 



127 




151 









12 3] 



i — T 

f mx»attt<pzw^ag>»ttflg^g | — sio3 



J 



~J— S105 



U-1f*(»lll*A#*0X»*&(DI*tt«j:* 












| JtaX^*«3<7>rtftJJ 
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(51) Int .C 1 7 

HOIS 3/00 
// B 2 3 K 101 :40 



F I 

B 2 3 K 101 :40 
HOI L 21/78 



T-73-K (##) 



B 



(72)»W# rtiii EH 

^l^m^rpm^ffTll26#ttfeO 1 

mmmme^mwKmsm&o 1 sua* 



F (##) 3C069 AA01 BA08 CA05 CA06 CA11 

EA01 EA02 
4E068 AE00 CA03 CA04 CA11 CB01 

CC02 CE01 DA10 DB13 
4C015 FA06 FB01 FB03 FC02 FCll 

FC14 

5F072 AB02 HH02 HH03 JJ05 KK05 
RR01 YY06 YY08 



